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(54) Angular position measuring device 

(57) A compact and high-accuracy angular position 
measuring device is provided which has magnets in- 
stalled in a rotor core and a magnetic sensor installed 
in a stator core. The magnetic sensor produces an out- 
put indicative of an angular position of the rotor core as 
a function of a change in density of magnetic flux pro- 
duced by the magnets. The magnets are so arranged in 
the rotor core that the same poles are opposed magnet- 



ically to produce a repellent force in magnetic fields of 
the magnets, thereby causing the magnetic flux to go to 
the magnetic sensor through the rotor core. This elimi- 
nates the need for an air gap between the stator core 
and the poles of the magnets which Is formed in a con- 
ventional device, thus allowing the device to be reduced 
in size and an error in output of the device to be de- 
creased. 
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Description 

BACKGROUND OF THE INVENTION 

1 Technical Field of the Invention 

[0001] The present invention relates generally to an 
improved structure of a device for measuring an angular 
position of an object using a magnetic detector and mag- 
nets, and more particularly to a compact and high-ac- 
curacy angular position measuring device. 

2 Background Art 

[0002] U.S.P. No. 5,861,745 (Japanese Patent First 
Publication No. 2920179, PCTWO98/080601) disclos- 
es an angular position measuring device using a mag- 
netic detector such as a Hall element and magnets. 
[0003] Fig. 1 9 shows one example of conventional an- 
gular position measuring devices designed to measure 
an opened position of a throttle valve of an internal com- 
bustion engine. The device includes a cylindrical rotor 
core (i.e., ayoke) 11 rotating along with the throttle valve 
(not shown) and a stator core 12 disposed coaxially 
within the rotor core 11 . Disposed between the rotor core 

11 and the stator core 12 are two arc-shaped magnets 
1 3 which are diametrically opposed to each other. Each 
of the magnets 1 3 is so magnetized that all lines of mag- 
netic force are oriented in a radius direction of the mag- 
net 13. A magnetic gap 14 is formed in the stator core 

12 which has a constant width and extends through the 
center of the stator core 12 in a diameter direction. A 
magnetic detector such as a Hall IC is disposed at the 
center of the magnetic gap 14. 

[0004] The density of a magnetic flux through the 
magnetic gap 1 4 in the stator core 1 2 changes as a func- 
tion of an angular position of the rotor core 1 1 . The mag- 
netic detector 1 5 produces an output as a function of the 
magnetic flux density. Specifically, the angular position 
of the rotor core 1 1 , or the opened position of the throttle 
valve is determined using the output of the magnetic de- 
tector 15. 

[0005] The arc-shaped magnets 13 are, as described 
above, magnetized radially. Uniformly magnetizing the 
magnets 13 requires decreasing the magnetic flux den- 
sity in an outer peripheral portion of the magnets 13, 
while increasing the magnetic flux density in an inner 
peripheral portion of the magnets 1 3. Such magnets are, 
however, difficult to produce and may have a great var- 
iation in quality. The variation in quality will lead to an 
error in an output of the magnetic detector 1 5. 
[0006] Additionally, the installation of the magnets 13 
between the rotor core 1 1 and the stator core 1 2 will re- 
sult in an increase in diameter of the rotor core 1 1 , there- 
by leading to an increase in overall size of the angular 
position measuring device. 



SUMMARY OF THE INVENTION 

[0007] It is therefore a principal object of the invention 
to avoid the disadvantages of the prior art. 
5 [0008] It is another object of the invention to provide 
a compact angular position measuring device capable 
of determining an angular position of a rotary object with 
high accuracy. 

[0009] According to one aspect of the invention, there 
10 is provided an angular position measuring device which 
comprises: (a) a stationary member; (b) a rotatable 
member rotatable following rotation of an object to be 
measured in angular position; (c) a plurality of magnets 
installed in one of the stationary member and the rotat- 
es able member so that the same poles are opposed mag- 
netically to produce a repellent force in magnetic fields 
of the magnets; and (d) a sensor element installed in the 
other of the stationary member and the rotatable mem- 
ber, the sensor element being responsive to a change 
20 in density of magnetic flux produced by the magnets to 
provide an output as a function of an angular position of 
the object. 

[0010] In the preferred mode of the invention, each of 
the magnets is made of one of a plate and a cylindrical 

25 member whose ends are magnetized. 

[0011] The rotatable member is made of a hollow cy- 
lindrical yoke having installed therein the magnets. The 
stationary member is made of a stator core having in- 
stalled therein the sensor element and disposed inside 

30 the cylindrical yoke. A sensor gap is formed in the stator 
core within which the sensor element is disposed. 
[0012] The cylindrical yoke may have air cavities 
formed in an inner surface thereof which open to the 
magnets for avoiding a short of the magnetic flux be- 

35 tween each pole of the magnets and the stator core. 
[0013] The magnets may be so arranged as to define 
two magnetic paths along which the magnetic fluxes 
produced by the magnets pass. The magnetic paths ex- 
tend symmetrically through the stationary member and 

40 the rotatable member. 

[0014] The stator core is made of three or more parts 
which are so fabricated as to define air gaps one of 
which is the sensor gap within which the sensor element 
is disposed. 

^5 [0015] The air gaps extend radially in the stator core 
at a regular angular interval. The magnets are arranged 
at an angular interval identical with the angular interval 
of the air gaps. 

[0016] The stator core may be circular in cross sec- 
50 tion. The one of the air gaps employed as the sensor 

gap is longer than a radius of the stator core. 

[0017] The one of the air gaps as employed as the 

sensor gap is longer than the other air gaps. 

[0018] The stator core may have formed in at least 
55 one of ends of the sensor gap a greater air cavity which 

serves to concentrate the magnetic flux at the sensor 

gap- 

[0019] An air gap may be defined between the inside 
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of the cylindrical yoke and the outside of the stator core. 
The air gap is defined by an interval between the inside 
of the cylindrical yoke and the outside of the stator core 
which varies in a circumferential direction of the inside 
of the cylindrical yoke. 

[0020] The interval may be maximized at each of the 
poles of said magnets. 

[0021] The cylindrical yoke defines therein an oval 
chamber in which the stator core is disposed. 

BRIEF DESPCRIPTION OF THE DRAWINGS 

[0022] The present invention will be understood more 
fully from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred em- 
bodiments of the invention, which, however, should not 
be taken to limit the invention to the specific embodi- 
ments but are for the purpose of explanation and under- 
standing only. 
[0023] In the drawings: 

Fig. 1 is a sectional view which shows an angular 
position measuring device according to the first em- 
bodiment of the invention; 

Fig. 2 is a vertical sectional view which shows the 
angular position measuring device of Fig. 1 ; 
Fig. 3 is a graph which shows a relation between a 
rotational angle of a rotor core and the density of 
magnetic flux passing through a Hall IC; 
Fig. 4 is a sectional view which shows an angular 
position measuring device according to the second 
embodiment of the invention; 
Fig. 5 is a vertical sectional view which shows an 
angular position measuring according to the third 
embodiment of the invention; 
Fig. 6 is a sectional view which shows an angular 
position measuring device according to fourth em- 
bodiment of the invention; 

Fig. 7 is a sectional view which shows an angular 
position measuring device according to the fifth em- 
bodiment of the invention; 

Fig. 8 is a sectional view which shows an angular 
position measuring device according to the sixth 
embodiment of the invention; 
Fig. 9 is a sectional view which shows an angular 
position measuring device according to the seventh 
embodiment of the invention; 
Fig. 10 is a graph which shows a relation between 
a rotational angle of a rotor core and the density of 
magnetic flux passing through a Hall IC in the sev- 
enth embodiment; 

Fig. 11 is a sectional view which shows an angular 

position measuring device according to the eighth 

embodiment of the invention; 

Fig. 12 is a graph which shows a relation between 

a rotational angle of a rotor core and the density of 

magnetic flux passing through a Hall IC in the eighth 

embodiment; 



Fig. 13 is a sectional view which shows an angular 
position measuring device according to the ninth 
embodiment of the invention; 
Figs. 14 to 1 6 are sectional views which show mod- 
5 ifications of the angular position measuring device 

shown in Fig. 13; 

Fig. 17 is a sectional view which shows an angular 
position measuring device according to the tenth 
embodiment of the invention; 
10 Fig. 1 8 is a sectional view which shows a modifica- 
tion of the angular position measuring device shown 
in Fig. 17; and 

Fig. 1 9 is a sectional view which shows a conven- 
tional angular position measuring device. 

15 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Referring to the drawings, wherein like refer- 
ee ence numbers refer to like parts in several views, par- 
ticularly to Figs. 1 and 2, there is shown an angular po- 
sition measuring device according to the invention 
[0025] The angular position measuring device gener- 
ally includes a device housing 21 , a cup-shaped rotor 
25 core (i.e., a yoke) 24, and a cylindrical stator core 25. 
The device housing 21 has disposed therein a bearing 
23 coupled to a rotary shaft 22 of, for example, a throttle 
valve of an internal combustion engine (not shown) to 
be measured in a rotational angle or angular position. 
30 The rotor core 24 is attached to an end of the rotary shaft 
22 by staking. The stator core 25 is disposed in the rotor 
core 24 coaxially therewith. The rotor core 24 and the 
stator core 25 are each made of a magnetic material 
such as iron. 

35 [0026] The rotor core 24, as clearly shown in Fig. 1 , 
has formed therein diametrically opposed recesses 26 
within which magnets 27 are fitted using adhesive, re- 
spectively. Each of the magnets 27 is made of a cylin- 
drical or plate member which has two opposed ends 

40 magnetized to have North and South poles. The mag- 
nets 27 are so arranged that the same poles thereof are 
opposed in a circumferential direction to produce the re- 
pellent force in magnetic fields of the magnets 27. Semi- 
circular small air gaps 50 which are diametrically op- 

45 posed to each other are formed between an inner sur- 
face of the rotor core 24 and an outer surface of the sta- 
tor core 25 except vicinities of the magnets 27 so that 
the magnetic flux emerging from the North pole of each 
of the magnets 27 may pass through the stator core 25 

so from the rotor core 24 and return back to the South pole 
of the magnets 27 through the rotor core 24. The rotor 
core 24 has air cavities 28 formed in the vicinity of the 
magnets 27 for avoiding a short of the magnetic flux be- 
tween each pole of the magnets 27 and the stator core 

55 25, thereby avoiding a reduction in density of the mag- 
netic flux through the stator core 25 to ensure the meas- 
urement accuracy of the angular position measuring de- 
vice. 



3 
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[0027] A constant sensor gap 29 is formed in the sta- 
tor core 25 which passes through the center thereof in 
a diameter direction. The sensor gap 29 serves to form 
therein a parallel magnetic field. The stator core 25 is, 
as can be seen from Fig. 2, made up of two semi-cylin- 
drical members which are held at a given interval away 
from each other by a resinous spacer 30, thereby defin- 
ing the sensor gap 29. Two Hall ICs 31 are arrayed ad- 
jacent to each other within the sensor gap 29. Each of 
the Hall ICs 31 has installed therein a magnetic sensor 
and an amplifier and works to produce a voltage signal 
as a function of the density of a magnetic flux passing 
therethrough. Each of the Hall ICs 31 may have func- 
tions of output gain adjustment, offset adjustment, elec- 
trically trimming a temperature characteristic-correcting 
program using an external device, and self-diagnosing 
a breakage and short of an electric circuit. 
[0028] The Hall ICs 31 are positioned by the spacer 
30 and have terminals which pass through the spacer 
30 and are welded to connector pins 32. The connector 
pin 32, the stator core 24, and thespacer30 are installed 
in a connector housing 33 which is molded from a res- 
inous material. The connector housing 33 has formed 
in a left surface, as viewed in Fig. 2, an annular groove 
34 into which the end of the device housing 21 is press- 
fitted and bonded, thereby holding a coaxial relation be- 
tween the rotor core 24 and the stator core 25. 
[0029] The two magnets 27 are, as described above, 
so arranged in diametrically opposed portions of the ro- 
tor core 24 as to produce the repellent force in the mag- 
netic fields thereof. The magnetic flux emerging from the 
North pole of each of the magnets 27, thus, goes to the 
stator core 25 through the rotor core 24 to the sensor 
gap 29 (i.e., the Hall ICs 31) and back to the rotor core 
24 through the stator core 25 and enters the South pole 
of the magnet 27. When the rotor core 24 starts to rotate 
following rotation of the rotary shaft 22, it will cause the 
density of magnetic flux through the sensor gap 29 of 
the stator core 25 to change, as shown in Fig. 3, as a 
function of a rotational angle of the rotor core 24, so that 
each of the Hall ICs 31 produce a voltage output pro- 
portional to the rotational angle of the rotor core 24. The 
determination of the rotational angle or angular position 
of the rotor core 24 is made using two voltage outputs 
from the Hall ICs 31. For example, if a difference be- 
tween the two voltage outputs exceeds a given value, it 
may be concluded that some failure has occurred in the 
angular position measuring device. 
[0030] The installation of the two magnets 27 in the 
diametrically opposed portions of the rotor core 24 in 
such a mannerthatthe same poles are opposed to each 
other in a circumferential direction of the rotor core 24 
eliminates the need for an air gap, like the one shown 
in Fig. 19, between the pole surfaces of the magnets 27 
and the periphery of the stator core 25, thereby increas- 
ing the degree of freedom of design of the magnets 27 
which allows each of the magnets 27 to be formed by a 
plate or cylindrical member that is easy to manufacture 



and magnetize. This also results in a decrease in error 
of outputs of the Hall ICs 31, thus increasing the accu- 
racy in determining the angular position of the rotary 
shaft 22. Further, the arrangement of the magnets 27 in 
5 this embodiment eliminates the need for installation of 
the magnets 27 on an inner peripheral surface of the 
rotor core 24, thereby allowing the rotor core 24 to be 
reduced in size in the radius direction thereof. 
[0031] Fig. 4 shows an angular position measuring 
10 device according to the second embodiment of the in- 
vention. 

[0032] The magnets 27 are so installed in the rotor 
core 24 that a circumferential distance between the 
North poles of the magnets 27 is greater than that be- 
15 tween the South poles. Of course, the circumferential 
distance between the South poles of the magnets 27 
may be greater than that between the North poles. The 
air cavities 28 serving to avoid a short of the magnetic 
flux between each pole of the magnets 27 and the stator 
20 core 25 extend longerthan in the first embodiment. Oth- 
er arrangements are identical with those in the first em- 
bodiment, and explanation thereof in detail will be omit- 
ted here. 

[0033] If the paths of the magnetic flux produced by 
25 the two magnets 27 are symmetrical, as shown in Fig. 
4, the magnetic flux density, as shown in Fig. 3, increas- 
es and decreases symmetrically as a function of a rota- 
tional angle of the rotor core 24, however, the invention 
is not always limited to such a geometrical relation. 
30 [0034] The above embodiments form each path of the 
magnetic flux using one of the magnets 27, however, 
may employ a plurality of magnets which are so arrayed 
that the North pole of one of the magnets is in contact 
with the South pole of an adjacent one for strengthening 
35 the magnetic field. Alternatively, three or more magnets 
may be so installed in the rotor core 24 at given intervals 
that adjacent two of the magnets produce a repellent 
force. In this case, the Hall ICs 31 are disposed in an 
area through which the magnetic fluxes produced by ad- 
40 jacent two of the magnets pass in parallel. 

[0035] The shape of the magnets 27 is not limited to 
a cylindrical or flat one and may be determined in view 
of an installation place or ease of manufacture. The 
magnets 27 may be different in size from each other. 
45 [0036] Fig. 5 shows an angular position measuring 
device according to the third embodiment of the inven- 
tion. The same reference numbers as employed in the 
first embodiment refer to the same parts, and explana- 
tion thereof in detail will be omitted here. 
50 [0037] A rotary Iever41 is rnoldedfrom a resinous ma- 
terial and has formed integrally therein the rotor core 24 
within which two magnets 27 are installed. The rotary 
lever 41 is coupled to an object to be measured in an- 
gular position and has a cavity' withiri which the stator 
55 core 25 is fitted in contact with an inner wall (i.e., a bear- 
ing surface) of the cavity so that the rotary lever 41 may 
rotate in synchronization with the object. A coil spring 
43 is connected at one end to an inner wall of a cyiindri- 
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cal cover 49 and at the other end to the rotary lever 41 
so that upon release of torque transmitted from the ob- 
ject, the rotary lever 41 is returned back to an angular 
null position. 

[0038] A shaft 45 made of a non-magnetic material is 
fitted in a recess formed in the center of an end surface 
of the stator core 25. The shaft passes through a hole 
46 formed in the rotary lever 41 . A stopper plate 47 is 
fitted in a groove formed in the head of the shaft 45 to 
prevent the rotary lever 45 from being dislodged from 
the shaft 45 (i.e., the stator core 25). A spring washer 
48 is disposed between the stopper plate 47 and the 
rotary lever 41 to minimize the thrust of the rotary lever 
41. 

[0039] The connector housing 33 is formed integrally 
with the cover 49. The cover 49 has disposed therein 
the rotary lever 41 and the rotor core 24. The magnets 
27 are, like the first embodiment, so arranged in diamet- 
rically opposed portions of the rotor core 24 as that the 
magnetic flux emerging from the North pole of each of 
the magnets 27 goes to the stator core 25 through the 
rotor core 24 to the sensor gap 29 (i.e., the Hall ICs 31 ) 
and back to the rotor core 24 through the stator core 25 
and enters the South pole of the magnet 27. Other ar- 
rangements are identical with those in the first embodi- 
ment. 

[0040] Fig. 6 shows an angular position measuring 
device according to the fourth embodiment of the inven- 
tion which is different from the first and second embod- 
iments in that the stator core 25 has formed therein air 
cavities 51 that are oval in cross section. Other arrange- 
ments are identical, and explanation thereof in detail will 
be omitted here. 

[0041] The air cavities 51 are formed in diametrically 
opposed peripheral portions of the stator core 25 so that 
they communicate with ends of the sensor gap 29, re- 
spectively. The formation of the air cavities 51 causes 
the magnetic flux produced by each of the magnets 27 
to concentrate at the center of the stator core 25, that 
is, the Hall ICs 31 installed in the sensor gap 29, thus 
resulting in an increase in density of the magnetic flux 
passing through the Hall ICs 31 . This increase will result 
in an increase in output of the Hall ICs 31, thereby al- 
lowing an amplification factor of an output from each of 
the Hall ICs 31 to be decreased. The decreasing of the 
amplification factor will minimize undesirable effects of 
a change in temperature of the Hall ICs 31 on outputs 
of the Hall ICs 31 and also allows the amplifier installed 
in each of the Hall ICs 31 to be simplified in circuit struc- 
ture. 

[0042] Each of the air cavities 51 communicates with 
the air cavities 28 through a slit 60 formed in the periph- 
ery of the stator core 25, thereby providing as wide an 
outer surface of the stator core 25 into which the mag- 
netic flux enters as possible. This causes a greater mag- 
netic flux from the rotor core 24 to enter the stator core 
25, thus increasing the outputs of the Hall ICs 31 . 
[0043] Fig. 7 shows an angular position measuring 



device according to the fifth embodiment of the invention 
which is differentfrom the fourth embodiment only in that 
the air gap 50 is formed to be constant in width without 
forming the air cavities 28 in the rotor core 24. Other 
5 arrangements are identical, and explanation thereof in 
detail will be omitted here. 

[0044] The air cavities 51 which are formed in diamet- 
rically opposed peripheral portions of the stator core 25, 
like the fourth embodiment, serve to concentrate the 

10 magnetic flux produced by each of the magnets 27 at 
the sensor gap 29, thus resulting in an increase in den- 
sity of the magnetic flux passing through the Hall ICs 31 
and also work to avoid a short of the magnetic flux be- 
tween each pole of the magnets 27 and the stator core 

15 25. 

[0045] Fig. 8 shows an angular position measuring 
device according to the sixth embodiment of the inven- 
tion which is different from the first to fifth embodiments 
in that a rotor core 52 is made of a cylindrical member 
20 that is oval or elliptical in cross section. Other arrange- 
ments are identical, and explanation thereof in detail will 
be omitted here. 

[0046] The rotor core 52 has formed in its ends in a 
longitudinal direction thereof recesses 53 within which 

25 magnets 54 are fitted using adhesive, respectively. The 
air gap 50 between the rotor core 52 and the stator core 
25 increases in volume as approaching each of the mag- 
nets 54 (i.e., each pole of the magnets 54), thereby de- 
fining a greater air cavity around each of the magnets 

30 54 which serves, like the air cavities 28, to avoid a short 
of the magnetic flux between one of poles of the mag- 
nets 54 and the stator core 25. 

[0047] The air gap 50 decreases in volume gradually 
as leaving from each of the magnets 54, thereby pre- 
ss venting the magnetic flux from the inner surface of the 
rotor core 52 to the outer surface of the stator core 25 
from being biased toward each of the magnets 54, thus 
resulting in uniformity of the magnetic flux entering the 
stator core 25. This improves the linearity of a change 
40 jn density of the magnetic flux in the sensor gap 29 with 
a change in rotational angle of the rotor core 52. 
[0048] Fig. 9 shows an angular position measuring 
device according to the seventh embodiment of the in- 
vention. 

45 [0049] The angular position measuring devices of the 
first to sixth embodiments are so designed that the den- 
sity of a magnetic flux passing through the sensor gap 
29 increases and decreases in a cycle of 1 80° (see Fig. 
3) and, thus, have an effective angular position-meas- 

50 uring range of 180° or less within which an output of 
each of the Hall ICs 31 changes linearly. The angular 
position measuring device of this embodiment is so de- 
signed as to have a wider angular position-measuring 
range over 180° . 

55 [0050] The stator core 55 is made up of three parts 
which are assembled to define three sensor gaps 56 
which extend radially from the center thereof at an an- 
gular interval of 120° . The Hall IC 31 is disposed within 
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one of the sensor gaps 56. Two magnets 27 are installed 
in the rotor core 24 at an angular interval of 120° which 
is equal to that of the sensor gaps 56. The rotor core 24 
has two air cavities 28 formed in the vicinity of the mag- 
nets 27 for avoiding a short of the magnetic flux between 
each pole of the magnets 27 and the stator core 25. Oth- 
er arrangements are identical with those of the first em- 
bodiment, and explanation thereof in detail will be omit- 
ted here. 

[0051] When the rotor core 24 is in a position as 
shown in Fig. 9, the magnetic flux emerging from the 
North pole of a right one of the magnets 27 goes to an 
upper right portion of the stator core 55 through the rotor 
core 24 to a right one of the sensor gaps 56 (i.e., the 
Hall IC 31 ) and back to the rotor core 24 through a lower 
right portion of the stator core 55 and enters the South 
pole of the right magnet 27. The magnetic flux emerging 
from the North pole of a left one of the magnets 27 goes 
to an upper left portion of the stator core 55 through the 
rotor core 24 to a left one of the sensor gaps 56 and 
back to the rotor core 24 through a lower left portion of 
the stator core 55 and enters the South pole of the left 
magnet 27. 

[0052] When the rotor core 24 starts to rotate, it will 
cause the density of magnetic flux through each of the 
right and left sensor gaps 56 of the stator core 55 to 
decrease, as shown in Fig. 10, as a function of a rota- 
tional angle of the rotor core 24 within a range of ap- 
proximately 0° to 230° and then increase as a function 
of a rotational angle of the rotor core 24 within a range 
of approximately 240° to 350° . 

[0053] Specifically, the range within which the density 
of magnetic flux passing through the Hall IC 31 decreas- 
es linearly is asymmetrical with, that is, wider than the 
range within which the density of magnetic flux passing 
through the Hall IC 31 increases linearly, thereby ena- . 
bling the angular position measuring device of this em- 
bodiment to produce an output which changes linearly 
as a function of a rotational angle of the rotor core 24 
over an angular range of approximately 220° . 
[0054] Fig. 11 shows an angular position measuring 
device according to the eighth embodiment of the inven- 
tion which is different from the seventh embodiment in 
that the stator core 55 is made up of four parts which 
are assembled to form four sensor gaps 56 which ex- 
tend radially from the center thereof at an angular inter- 
val of 90°, and two magnets 27 are installed in the rotor 
core 24 at an angular interval of 90° . Other arrange- 
ments are identical, and explanation thereof in detail will 
be omitted here. 

[0055] When the rotor core 24 is in a position as 
shown in Fig. 11, the magnetic flux emerging from the 
North pole of a right one of the magnets 27 goes to an 
upper right portion of the stator core 55 through the rotor 
core 24 to a right one of the sensor gaps 56 within which 
the Hall IC 31 is installed and back to the rotor core 24 
through a lower right portion of the stator core 55 and 
enters the South pole of the right magnet 27. The mag- 



netic flux emerging from the North pole of the lower mag- 
net 27 goes to a lower left portion of the stator core 55 
through the rotor core 24 to the lower sensor gap 56 and 
back to the rotor core 24 through a lower right portion of 
5 the stator core 55 and enters the South pole of the lower 
magnet 27. 

[0056] The angular position measuring device of this 
embodiment is capable of producing an output which 
changes, as shown in Fig. 12, linearly as a function of 
10 a rotational angle of the rotor core 24 over an angular 
range of approximately 200° . 

[0057] Fig. 13 shows an angular position measuring 
device according to the ninth embodiment of the inven- 
tion which is a modification of the one shown in Fig. 9. 

15 [0058] The statorcore 55 has three air cavities 57, like 
the air cavities 51 shown in Figs. 6, 7, and 8, which are 
oval in cross section and which serve to concentrate the 
magnetic flux on the Hall IC 31 installed in one of the 
sensor gaps 56. 

20 [0059] The air gap 50 between the rotor core 24 and 
the stator core 55 increases in volume as approaching 
each of the magnets 27, thereby defining a greater air 
cavity around each of the magnets 27 which serves, like 
the air cavities 28, to avoid a short of the magnetic flux 

25 between one of poles of the magnets 27 and the stator 
core 55. 

[0060] Fig. 14 shows an angular position measuring 
device which is a modification of the one shown in Fig 
11. 

30 [0061] The stator core 55 has four air cavities 57, like 
the air cavities 51 shown in Figs. 6, 7, and 8, which are 
oval in cross section and which serve to concentrate the 
magnetic flux at the Hall IC 31 installed in one of the 
sensor gaps 56. 

35 [0062] The air gap 50 between the rotor core 24 and 
the stator core 55 increases in volume as approaching 
each of the magnets 27, thereby defining a greater air 
cavity around each of the magnets 27 which serves, like 
the air cavities 28, to avoid a short of the magnetic flux 

io between one of poles of the magnets 27 and the stator 
core 55. 

[0063] The air gap 50 decreases in volume gradually 
as leaving from each of the magnets 54, thereby pre- 
venting the magnetic flux from the inner surface of the 

45 rotor core 52 to the outer surface of the stator core 25 
from being biased toward each of the magnets 54, thus 
resulting in uniformity of the magnetic flux entering the 
stator core 25. This improves the linearity of a change 
in density of the magnetic flux in the sensor gap 29 with 

50 a change in rotational angle of the rotor core 52. 

[0064] Fig. 15 shows an angular position measuring 
device which is a modification of the one shown in Fia 
13. 9 
[0065] The stator core 55 is formed coaxially with the 

55 rotor core 24 so as to form a constant air gap 50 between 
the stator core 55 and the rotor core 24. Other arrange- 
ments are identical with those in Fig. 13, and explana- 
tion thereof in detail will be omitted here. 
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[0066] Fig. 16 shows an angular position measuring 
device which is a modification of the one shown in Fig. 
14. 

[0067] The stator core 55 is formed coaxially with the 
rotor core 24 so as to form a constant air gap 50 between 
the stator core 55 and the rotor core 24. Other arrange- 
ments are identical with those in Fig. 14, and explana- 
tion thereof in detail will be omitted here. 
[0068] While the sensor gaps 56 in the seventh to 
ninth embodiments are formed at regular angular inter- 
vals, they may alternatively be arranged at irregular an- 
gular intervals depending upon a desired angular posi- 
tion-measuring range. Further, the angular interval be- 
tween the two magnets 27 may be different from that of 
the air gaps 56. In this case, the same effects as pro- 
vided by the seventh to ninth embodiments are obtained 
by modifying the location and/or the shape of the mag- 
netic flux short-avoiding air cavities 28 formed in the ro- 
tor core 24 as needed. 

[0069] Fig. 17 shows an angular position measuring 
device according to the tenth embodiment of the inven- 
tion. 

[0070] In the angular position measuring device of 
each of the first to sixth embodiments, the sensor gap 
29 extends over a diameter of the stator core 25 and 
has a length sufficient to array the two Hall ICs 31 . How- 
ever, the angular position measuring device in each of 
the seventh to ninth embodiments has formed therein 
more than two sensor gaps whose length is equal to the 
radius of the stator core 25 and may be insufficient to 
array two Hall ICs if the stator core 25 is decreased in 
size for compactness of the device. In order to avoid this 
problem, the angular position measuring device of the 
tenth embodiment makes a stator core of three or more 
parts so as to form at least one air gap longer than the 
radius of the stator core. 

[0071] Specifically, the stator core 61 is made up of 
three parts so as to define two shorter air gaps 64 and 
one longer air gap 62. The air gaps 64 are aligned with 
each other horizontally, as viewed in the drawing. Upper 
two of the three parts of the stator core 61 are symmet- 
rical so as to have the air gap 64 pass through the center 
of the stator core 61 . The air gap 64, thus, has the length 
longer than the radius of the stator core which is suffi- 
cient to array two Hall ICs 31 . 

[0072] Two magnets 27 are so arranged in the rotor 
core 24 that when one of the magnets 27 face an end 
of one of the air gaps 64, the other magnet 27 face a 
diametrically opposed end of the other air gap 64. Cav- 
ities like the air cavities 51 as shown in Figs. 6, 7, and 
8 may be formed in the air gaps 64. 
[0073] Fig. 18 shows an angular position measuring 
device which is a modified form of the one shown in Fig. 
17 and different therefrom only in that two air gaps 64 
inclined downward, as viewed in the drawing, without 
being aligned with each other. This structure also pro- 
vides the same effects as in the above tenth embodi- 
ment. 



[0074] While the present invention has been dis- 
closed in terms of the preferred embodiments in order 
to facilitate better understandingthereof , it should be ap- 
preciated that the invention can be embodied in various 

5 ways without departing from the principle of the inven- 
tion. Therefore, the invention should be understood to 
include all possible embodiments and modifications to 
the shown embodiments witch can be embodied without 
departing from the principle of the invention as set forth 

10 in the appended claims. For example, the two Hall ICs 
31 may be laid to overlap each other in parallel to the 
magnetic flux in the sensor gap 29. Alternatively, a sin- 
gle Hall IC may be used or three or more Hall ICs may 
be arrayed in parallel or perpendicular to the magnetic 

15 flux depending upon the size of the sensor gap 29. In- 
stead of the Hall ICs 31 , magnetoresistive elements may 
be employed. Further, the rotor core 24 or 52 in the 
above embodiments is installed in the device housing 
21 to be rotatable in synchronism with rotation of the 

20 rotary shaft 22, however, it may be secured to the device 
housing 21 to be stationary, while the inner core 25, 55, 
or 61 may be retained by the connector housing 33 to 
be rotatable following rotation of the rotary shaft 22. 
[0075] A compact and high-accuracy angular position 

25 measuring device is provided which has magnets in- 
stalled in a rotor core and a magnetic sensor installed 
in a stator core. The magnetic sensor produces an out- 
put indicative of an angular position of the rotor core as 
a function of a change in density of magnetic flux pro- 

30 duced by the magnets. The magnets are so arranged in 
the rotor core that the same poles are opposed magnet- 
ically to produce a repellent force in magnetic fields of 
the magnets, thereby causing the magnetic flux to go to 
the magnetic sensor through the rotor core. This elimi- 

35 nates the need for an air gap between the stator core 
and the poles of the magnets which is formed in a con- 
ventional device, thus allowing the device to be reduced 
in size and an error in output of the device to be de- 
creased. 

40 

Claims 

1 . An angular position measuring device comprising: 

45 

a stationary member; 

a rotatable member rotatable following rotation 
of an object to be measured in angular position; 
a plurality of magnets installed in one of said 

so stationary member and said rotatable member 

so that the same poles are opposed magneti- 
cally to produce a repellent force in magnetic 
fields of the magnets; and 
a sensor element installed in the other of said 

55 stationary member and said rotatable member, 

said sensor element being responsive to a 
change in density of magnetic flux produced by 
said magnets to provide an output as a function 
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of an angular position of the object. 



An angular position measuring device as set forth 
in claim 1, wherein each of said magnets is made 
of one of a plate and a cylindrical member whose 5 
ends are magnetized. 

An angular position measuring device as set forth 
in claim 1 , wherein said rotatable member is made 
of a hollow cylindrical yoke having installed therein w 
said magnets, and said stationary member is made 
of a statorcore having installed therein said sensor 
element and disposed inside the cylindrical yoke 
and further comprising a sensor gap formed in the 
stator core within which said sensor element is dis- is 
posed. 



least one of ends of the sensor gap a greater air 
cavity which serves to concentrate the magnetic 
flux at the sensor gap. 

11. An angular position measuring device as set forth 
in claim 1 , further comprising an air gap defined be- 
tween an inside of said rotatable member and an 
outside of said stationary member, said air gap be- 
ing so oriented geometrically that an interval be- 
tween the inside of said rotatable member and the 
outside of said stationary member varies in a direc- 
tion of rotation of said rotatable member. 



12. 



4. 



An angular position measuring device as set forth 
m claim 3, wherein the cylindrical yoke has air cav- 
ities formed in an inner surface thereof which open 
to said magnets for avoiding a short of the magnetic 
flux between each pole of the magnets and the sta- 
tor core. 



An angular position measuring device as set forth 
in claim 11 , wherein the interval between the inside 
of said rotatable member and the outside of said 
stationary member is maximized at each of the 
poles of said magnets. 



20 



S. An angular position measuring device as set forth 2s 
in claim 1 , wherein said magnets are so arranged 14 
as to define two magnetic paths along which the 
magnetic fluxes produced by said magnets pass 
the magnetic paths extending symmetrically 
through said stationary member and said rotatable so 
member. 



13. An angular position measuring device as set forth 
in cla.m 12, wherein said rotatable member is made 
of a hollow member defining therein an oval cham- 
ber in which said stationary member made of a cy- 
lindrical member is disposed. 



6. 



7. 



40 



An angular position measuring device as set forth 
in claim 3, wherein the stator core is made of three 
or more parts which are so fabricated as to define 
air gaps one of which is the sensor gap within which 
said sensor element is disposed. 

An angular position measuring device as set forth 
in claim 6, wherein the air gaps extend radially in 
the stator core at a regular angular interval, and 
wherein said magnets are arranged at an angular 
interval identical with the angular interval of the air 
gaps. 

45 

An angular position measuring device as set forth 
in claim 6, wherein the statorcore is circular in cross 
section, and wherein the one of the air gaps em- 
ployed as the sensor gap is longer than a radius of 
the stator core. 50 

■ An angular position measuring device as set forth 
in claim 8, wherein the one of the air gaps as em- 
ployed as the sensor gap is longer than the other 
air gaps. 55 

3. An angular position measuring device as set forth 
in claim 3. wherein the stator core has formed in at 



35 15. 



16. 



■ An angular position measuring device as set forth 
in claim 3, further comprising an air gap defined be- 
tween an inside of said cylindrical yoke and an out- 
side of said statorcore, said air gap being defined 
by an interval between the inside of said cylindrical 
yoke and the outside of said statorcore which varies 
in a circumferential direction of the inside of said cy- 
lindrical yoke. 

An angular position measuring device as set forth 
in claim 14, wherein the interval between the inside 
of said cylindrical yoke and the outside of said stator 
core is maximized at each of the poles of said mao- 
nets. a 

An angular position measuring device as set forth 
in claim 15, wherein said cylindrical yoke defines 
therein an oval chamber in which said statorcore is 
disposed. 
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